The deleted in liver cancer 2 (DLC2) gene, located at chromosome 13q12.3, is a recently identified tumor suppressor gene. The gene is frequently underexpressed in human hepatocellular carcinoma, and its chromosomal region shows frequent deletion. DLC2 encodes a unique RhoGTPase-activating protein (RhoGAP) specific for small RhoGTPases, RhoA, and Cdc42. With bioinformatic analysis, we have identified four different isoforms of DLC2, which we named DLC2␣, DLC2␤, DLC2␥, and DLC2␦. Three of the isoforms contain the RhoGAP domain, namely, DLC2␣, DLC2␤, and DLC2␥. Ectopic expression of these three isoforms in mouse fibroblasts showed cytoplasmic localization. Of interest, overexpression of these isoforms suppressed the lysophosphatidic acid-induced stress fiber formation in mouse fibroblasts and changed the morphology of the transfected cells from angular and spindle to round. Furthermore, the RhoA pull-down assay demonstrated a remarkable reduction in RhoA activity in the DLC2 transiently transfected cells. In contrast, cells transfected with inactive DLC2 GAP-mutant remained unchanged in cell morphology, actin stress fiber formation, and RhoA activity. HepG2 hepatoma cells stably transfected with the DLC2␥ isoform also changed to a round morphology, as in mouse fibroblasts. Of significance, these DLC2␥ stable transfectants showed marked suppression in cell proliferation, motility, and transformation, and there was a remarkable reduction in in vivo RhoA activity in these cells. These results suggest that DLC2 exhibits its tumor suppressor functions in vivo as a GAP specific for RhoA, exerting its effects in suppression of cytoskeleton reorganization, cell growth, cell migration, and transformation. H epatocellular carcinoma (HCC) is one of the most common cancers worldwide, especially in Southeast Asia and Hong Kong. The risk factors contributing to HCC include chronic hepatitis B and C virus infection, cirrhosis, and prolonged exposure to aflatoxin B1. Although the risk factors are well defined, the molecular mechanisms of hepatocarcinogenesis are unclear.
H epatocellular carcinoma (HCC) is one of the most common cancers worldwide, especially in Southeast Asia and Hong Kong. The risk factors contributing to HCC include chronic hepatitis B and C virus infection, cirrhosis, and prolonged exposure to aflatoxin B1. Although the risk factors are well defined, the molecular mechanisms of hepatocarcinogenesis are unclear.
The small RhoGTPases are members of the Ras superfamily of small GTP-binding proteins and are key regulators of cytoskeleton dynamics in eukaryotic cells. RhoGTPases act as molecular switches, cycling between the active GTP-bound state and the inactive GDP-bound state, and regulate a number of cellular processes such as cytoskeleton reorganization, gene transcription, and cell cycle progression (1) . The best characterized Rho family members in mammalian cells are RhoA, Cdc42, and Rac1. RhoA is involved in the formation of stress fibers and focal adhesions, whereas Cdc42 and Rac1 work together at the leading edges of cells to direct the formation of lamellipodia and filopodia, respectively (2) (3) (4) .
In addition to the regulation of the cytoskeleton reorganization, RhoGTPases are involved in cell proliferation and cell motility (5) . Active RhoGTPases promote cells to progress from G 1 to S phase, whereas inhibition of RhoGTPases blocks serum-induced G 1 progression (6) .
In human cancers, alteration of RhoA expression is involved in tumorigenesis (7) . Indeed, overexpression of RhoA was found in several types of cancer including bladder, testicular, ovarian, colon, breast, and lung (5, (8) (9) (10) . These lines of evidence suggest that elevated level of RhoA expression is closely related to tumor development. Therefore, down-regulation of RhoA expression or activity may be useful in reversing tumor cell behavior.
The activity of RhoGTPases is negatively regulated by GTPaseactivating proteins (GAPs) (11) (12) (13) (14) . As activation of RhoGTPases can stimulate cell proliferation and cell motility, inhibition of the RhoGTPase activity may suppress the oncogenic and metastatic potential of tumor cells. We have previously identified a unique RhoGAP, which we named DLC2 (deleted in liver cancer 2) (15), because of its high homology to the tumor suppressor gene DLC1 (16, 17) . Both DLC1 and DLC2 contain a RhoGAP domain, and we have demonstrated that they exhibit GAP activity on RhoA and Cdc42 in vitro (15, 18) . We also found that DLC2 was significantly underexpressed in HCC and was also able to suppress Rasmediated cellular transformation in NIH 3T3 cells (15) . However, the functional role of DLC2 in liver carcinogenesis remains unclear. Using bioinformatic search of DLC2 gene in human genome, we have been able to identify four isoforms of DLC2, namely DLC2␣, DLC2␤, DLC2␥, and DLC2␦. In this study, we further characterized the in vivo function and tumor suppressor activity of DLC2 and its RhoGAP domain-containing isoforms in HCC.
Materials and Methods
Cell Culture, Transfection, and Stable Cell Lines. Swiss 3T3 fibroblasts were maintained in low glucose DMEM (Invitrogen) supplemented with 10% bovine serum (JRH Biosciences, Lenexa, KS) and 100 units of penicillin͞streptomycin. HepG2 and HEK293 cells were maintained in high glucose DMEM supplemented with 10% FBS and 100 units of penicillin͞streptomycin. Cells were transfected with FuGene6 transfection reagent (Roche Molecular Biochemicals) and 3 g of DNA construct according to the protocol recommended by the manufacturer. For HepG2, the transfected cells were selected and maintained in full medium containing G418 at 1 mg͞ml (Calbiochem). Cells stably expressing DLC2 were then isolated and the expression of DLC2 was confirmed by Western blotting by using anti-GFP Ab (Santa Cruz Biotechnology). DLC2␣, pEGFP DLC2␤, and pEGFP DLC2␥ encoding DLC2␣, DLC2␤, and DLC2␥, respectively, were constructed.
In addition, two point mutations were introduced to DLC2␥. Nucleotide changes in DLC2␥ cDNA were engineered by using primer pairs 5Ј-tatggtggaacagttcttccg-3Ј and 5Ј-cggaagaactgttccaccata-3Ј; and 5Ј-agttcttcgaggacctccctg-3Ј and 5Ј-cagggaggtcctcgaagaact-3Ј to generate DLC2␥ K618E and DLC2␥ R622E, respectively. All mutant cDNA sequences were confirmed by sequencing.
Lysophosphatidic Acid (LPA)-Induced Stress Fiber Formation. Swiss 3T3 fibroblasts were transfected with FuGene6 transfection reagent and 3 g of DNA construct according to the manufacturers's protocol. After transfection, cells were starved in DMEM for 24 h and then stimulated with LPA (Sigma) for 15 min.
Confocal Microscopy. For immunofluorescence, cells were fixed with 4% paraformaldehyde in PBS for 15 min at room temperature, and permeabilized with 0.5% Triton X-100 in PBS for 5 min. F-actins were stained with tetramethylrhodamine B isothiocyanate-labeled phalloidin (Sigma) for 20 min at room temperature, and the nuclei were stained by DAPI.
RhoA Pull-Down Assay. Cells were lysed in 500 l of lysis buffer containing 50 mM Tris (pH 7.4), 10 mM MgCl 2 , 500 mM NaCl, 1% Triton X-100, 0.1% SDS, 0.5% sodium deoxycholate, 10 g͞ml each of aprotinin and leupeptin, and 1 mM PMSF. The lysates were cleared with centrifugation at 12,000 ϫ g for 10 min at 4°C. The lysate (500 g) was incubated with 45 g of GST-RBD (GST fusion protein containing RhoA-binding domain of Rhotekin) bound to glutathione-Sepharose beads (Amersham Pharmacia) for 1 h. After binding, the samples were washed with lysis buffer three times. Bound proteins were fractionated on 12% SDS͞PAGE and immunoblotted with polyclonal Ab for RhoA (Santa Cruz Biotechnology). The total cell lysates was also blotted with RhoA Ab as a loading control. The level of active RhoA was determined after normalization with the total RhoA present in the cell lysates.
Proliferation Assay. To determine cell proliferation, 3 ϫ 10 4 cells were seeded in each well of a six-well plate on day 0 in 2 ml of full medium in triplicate. Cells were counted on consecutive days for 1 wk by using a hematocytometer.
Wound Healing Assay. Cells (5 ϫ 10 5 per well) were seeded in six-well plates and allowed to adhere for 24 h. The cells were treated with 10 g͞ml Mitomycin C (Sigma) for 3 h, washed with PBS, and then simply wounded with a pipette tip. Fresh, full medium was added, and the cells were allowed to close the wound for 48 h. Photographs were taken every 24 h at the same position of the wound.
Small Interfering RNA (siRNA). Sets of four siGENOME duplexes for DLC2 and siControl nontargeting siRNA pool for control were purchased from Dharmacon (Lafayette, CO). Transfection of siRNA pool and control pool (200 pmol in 2 ml medium) in six-well plates was done by using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions.
Quantitative PCR. Total RNA of HepG2 cells after transfection with siRNA in a six-well plate was isolated by TRIzol reagent according to the manufacturer's instruction (Invitrogen). cDNA was synthesized from 1 g of total RNA by GeneAmp RNA PCR kit (Applied Biosystems). Quantitative PCR was then performed by using Applied Biosystems TaqMan system (DLC2 probe: CCTCGAT-CAGGTGGGTCTTTTTCGC). Expression of 18S mRNA was used as an internal control. The mRNA expression of DLC2 in DLC2 siRNA-transfected cells was compared with the respective DLC2 mRNA expression in control siRNA-transfected cell.
Cell Migration Assay. Cells (1 ϫ 10 5 ) were resuspended in 100 l of serum-free medium and seeded on the top chamber of the 8-mpore, 6.5-mm polycarbonate transwell filters (Corning). The full medium (600 l) was added to the bottom chamber. The cells were allowed to migrate for 8-16 h. The cells were fixed and stained, and the number of cells on the lower surface of the filters was counted under the microscope. A total of 10 fields was counted for each transwell filter.
Soft Agar Assay. Cells (2 ϫ 10 4 ) were suspended in 2 ml of medium (DMEM supplemented with 10% FBS) containing 0.4% agar. The cell mixture was then seeded on a layer of 1% bottom agar in 60-mm plate and allowed to grow for 4 wk. The assay was performed in triplicate for each cell line. After 4 wk of incubation, colonies with more than one cell were counted. A total of five fields was counted for each plate.
Results

DLC2 Changed Cell Morphology and Suppressed Actin Stress Fiber
Formation. During the bioinformatic search on DLC2, we identified four isoforms of DLC2, which we named DLC2␣, DLC2␤, DLC2␥, and DLC2␦. The domain structure of DLC2 is shown in Fig. 1A . DLC2␣ represents the full-length form of DLC2 and contains a SAM (sterile alpha motif), a RhoGAP, and a START (steroidogenic acute regulatory-related lipid transfer) domain. The ␣ and ␤ isoforms of DLC2 differ by only a few amino acids at the Nterminal. DLC2␥ contains a RhoGAP and a START domain, whereas DLC2␦ contains only a SAM domain. In this study, we aimed to study the functions of the RhoGAP domain and thus focused on the isoforms containing the RhoGAP domain, namely DLC2␣, DLC2␤, and DLC2␥. We investigated the subcellular localization of these three isoforms by transiently transfecting them into mouse fibroblasts Swiss 3T3 cells. They all localized predominantly in the cytoplasm of the transfected cells. The DLC2␣-, DLC2␤-, and DLC2␥-transfected cells changed their morphology from angular and spindle to round in shape (Fig. 1B) . In addition, they showed dendritic cellular protrusions. By confocal microscopy, immunofluorescence staining for F-actin with tetramethylrhodamine B isothiocyanate-labeled phalloidin revealed marked inhibition of LPA-induced stress fiber formation in DLC2-transfected cells, suggesting that these morphological changes were closely and perhaps causally related to alteration in actin cytoskeleton structure.
Down-Regulation of RhoA Activity. It is well established that formation of actin stress fibers is regulated by one of the small GTPases, RhoA (1) . To test whether the observed alterations in cell morphology and inhibition of actin stress fiber formation in DLC2-transfected cell was related to its in vivo RhoA activity, RhoA activity pull-down assay was performed. In DLC2␣-and DLC2␤-transfected HEK293 cells, the active form of in vivo RhoA was barely detected in the pull-down assay. The RhoA activity was significantly reduced in DLC2␥-transfected cells, as compared with the mock-transfected and parental HEK293 cells ( Fig. 2A) . Also, inhibition of RhoA activity by DLC2␥ was demonstrated in a dose-dependent manner (Fig. 2B) . The RhoA activity decreased with increased amounts of DLC2␥ transfected.
DLC2 RhoGAP Mutants Abolished RhoGAP Activity of DLC2.
To confirm that the reduced RhoA activity in DLC2-transfected cells was related to the function of the RhoGAP domain, two inactive DLC2 GAP mutants were constructed and overexpressed. Two conserved amino acid residues, corresponding to K618 and R622 at the RhoGAP domain of the DLC2␥ primary sequence and important for the RhoGAP activity, were mutated to glutamate (K618E and R622E, respectively) (19). In the HEK293 cells transfected with the two DLC2␥-RhoGAP mutants (DLC2␥ K618E and DLC2␥ R622E), the in vivo RhoA activity was unchanged, in contrast to the significant reduction of RhoA activity as seen in DLC2␥- transfected cells (Fig. 2 A) . The results indicate that DLC2 functions as a RhoGAP in the regulation of in vivo RhoA activity. In addition, to examine whether the alteration of the actin cytoskeleton was caused by the DLC2 RhoGAP activity, DLC2␥ K618E and R622E were transiently transfected into Swiss 3T3 cells. The cells expressing these inactive DLC2␥ RhoGAP mutants, which had no RhoGAP activity, did not show any morphological change (Fig.  2C) . Actin stress fiber formation was also unaffected in K618E or K622E DLC2␥-mutant-transfected cells, as compared with DLC2␥-WT-transfected cells (Fig. 2C) . The findings indicate that the DLC2 RhoGAP mutants abolished the RhoGAP function of DLC2 and that alteration in cell morphology and actin stress fiber formation depended on the RhoGAP activity of DLC2.
DLC2␥ Suppressed Cell Proliferation and Cell Motility.
To study the in vivo tumor suppressor function of DLC2 in HCC, we attempted to establish HepG2 hepatoma cells overexpressing pEGFP-DLC2␣, pEGFP-DLC2␤, pEGFP-DLC2␥, and pEGFP vector control. However, only HepG2 cells stably expressing the DLC2␥ and pEGFP vector were successfully established. Three pEGFP-DLC2␥ clones (HepG2-␥-1, HepG2-␥-2, and HepG2-␥-4) and one pEGFP vector clone (HepG2-EGFP-V) were then selected for further investigation. The expression of DLC2␥ in HepG2-␥-1, HepG2-␥-2, and HepG2-␥-4 was confirmed by Western blotting by using anti-GFP Ab (Fig. 3B) . The reason for the failure in obtaining DLC2␣-and DLC2␤-stably expressing clones was not clear, but there was a possibility that the full-length form of DLC2 might exert a huge suppressive effect on the cells so that they failed to attach to the substrate, which we observed in this study. Similar observation was also made in a previous report with regard to the establishment of stable clones of another RhoGAP-containing protein, p122 (19). Similar to the transiently transfected mouse fibroblasts, the HepG2 cells stably transfected with DLC2␥ also showed round morphology with dendritic cellular projections (Fig. 3A) .
Apart from the regulation of actin cytoskeleton reorganization, RhoA is also involved in controlling cell proliferation. To study the effects of DLC2␥ in cell growth, cell proliferation assay was performed to examine the cell proliferation rates of HepG2-␥-1, HepG2-␥-2, HepG2-␥-4, and HepG2-EGFP-V cells. As shown in Fig. 4 , markedly retarded cell proliferation rates were observed in all three DLC2␥-stable transfectants.
To explore the roles of DLC2 in the regulation of cell motility, we examined the cell migration ability of HepG2-␥-1, HepG2-␥-2, HepG2-␥-4, and HepG2-EGFP-V cells by wound healing assay. The cells were pretreated with Mitomycin C, which inhibits cell division, so that the difference in motility was not affected by differences in cell proliferation rates. The HepG2-EGFP-V closed the wound 2 d after incubation, whereas HepG2-␥-1, HepG2-␥-2, and HepG2-␥-4 were unable to close the wound at the same time point (Fig. 5A) . Thus, the HepG2-␥-1, HepG2-␥-2, and HepG2-␥-4 cells exhibited an obvious reduction in migration rate as compared with the HepG2-EGFP-V vector control. In addition to wound healing assay, transwell migration assay was performed to confirm the reduction in motility of the stable clones (Fig. 5B) . Consistent with the results in wound healing, cell migration was significantly inhibited in all three DLC2␥-overexpressing stable clones. The number of migrated cells of the DLC2␥ stable cells was reduced by nearly 3-fold as compared with the control (Fig. 5C ).
Silencing of DLC2-Enhanced Cell Motility.
To study the importance of DLC2 in regulating cell motility, we used siRNA to knock down DLC2 expression in HepG2 cells. Transfection of the siRNA for DLC2 profoundly reduced the DLC2 expression by Ͼ70% in HepG2 cells relative to the control siRNA and nontransfected cell control (Fig. 6A) . A reduction of DLC2 mRNA level was persistently observed up to at least for 2 d (Fig. 6A) . After siRNA transfection, transwell migration assay was performed for 8 h to study the motility of DLC2-silenced cell. The DLC2 siRNA significantly increased the number of migrated cells, whereas the control siRNA had no effect (Fig. 6B) (P ϭ 0.009) . Therefore, downregulation of DLC2 expression was able to promote the migration rate of HepG2 cells.
DLC2␥ Remarkably Reduced the Ability of Anchorage-Independent
Growth. To study whether the transforming ability on HepG2 hepatoma cells could be reversed by DLC2, anchorageindependent soft agar assay was performed with the HepG2-␥-1, HepG2-␥-2, HepG2-␥-4, HepG2-EGFP-V, and parental HepG2 cells. The mock-transfected and parental HepG2 cells grew and formed large colonies within 4 wk. In contrast, all of the DLC2␥-stably transfected HepG2 cells (HepG2-␥-1, HepG2-␥-2, and HepG2-␥-4) failed to grow in soft agar plate and most of them remained as single cells (Fig. 7A) . The numbers of colonies in HepG2-␥-1 (P Ͻ 0.0001, t test), HepG2-␥-2 (P Ͻ 0.0001, t test), and HepG2-␥-4 (P Ͻ 0.0001, t test) were significantly lower than those of parental and mock-transfected HepG2 cells (Fig. 7B) . To address the possible molecular basis contributing to the effects on the cell morphology, proliferation, and migration in DLC2␥ stably transfected cell, RhoA pull-down assay was performed to measure the in vivo RhoA activity in HepG2-␥-1, HepG2-␥-2, HepG2-␥-4, and HepG2-EGFP-V cells. No detectable activity of RhoA was found in HepG2-␥-1 and HepG2-␥-2 cells, and a remarkable reduction of RhoA activity was detected in HepG2-␥-4 cells (Fig. 7C) . The results suggest that DLC2␥ down-regulates RhoA activity in the stably transfected HepG2 cells, similar to that observed in the transient-transfected cells. Overall, the data suggest that DLC2 negatively modulates RhoA activity, which in turn contributes to the alteration in the cell properties.
Discussion
We have previously reported that DLC2 is a unique tumor suppressor located on chromosome 13q12.3 (1). Its functions and corresponding mechanistic basis are, however, not yet defined. In this study, we have reported that DLC2 consists of four isoforms, DLC2␣, DLC2␤, DLC2␥, and DLC2␦. As we aimed to study the functions of the RhoGAP domain, we focused on the isoforms containing the RhoGAP domain, namely DLC2␣, DLC2␤, and DLC2␥. Transfection of DLC2␣, DLC2␤, and DLC2␥ into mouse fibroblasts revealed predominantly cytoplasmic localization. Moreover, we observed that DLC2␣, DLC2␤, and DLC2␥ could inhibit LPA-induced stress fiber formation and resulted in round morphology with dendritic projections in mouse fibroblasts as well as in hepatoma cells. The alteration of cell morphology was likely a result of change in actin organization and down-regulation of the RhoA activity. Similar observation was also reported in cell systems transfected with other RhoGAP domain-containing proteins (19-21). In addition, in our study, we have identified and characterized two amino acid residues that are critical for the RhoGAP activity of DLC2. Mutations of amino acids K618E and R622E at the RhoGAP domain of DLC2␥ were able to specifically abolish the RhoGAP function of DLC2. In mouse fibroblasts transfected with DLC2␥-RhoGAP mutant, there was no apparent change in cell morphology, suggesting that the alteration in cell morphology was caused by the GAP activity of DLC2. These findings indicate that DLC2 acts as a RhoGAP in the regulation of cytoskeleton reorganization.
Several studies in human cancers have demonstrated that overexpression of RhoA is involved in tumorigenesis (22) . Inhibition of RhoA activity may be able to reverse the transformation phenotype in cancers. In our previous study on DLC2, we had documented that the RhoGAP domain of DLC2 exerted its GAP activity specific for RhoA and Cdc42 in vitro. In the present study, we have demonstrated that DLC2 also had RhoGAP activity specific for RhoA in vivo. With transient transfection of DLC2 into HEK293 cells, we have also demonstrated that the in vivo RhoA activity was remarkably reduced by DLC2␣, DLC2␤, and DLC2␥, but not by the vector control. In contrast, no inhibition of RhoA activity was found with the DLC2␥-RhoGAP mutants, confirming that the RhoGAP activity of DLC2 was related to its RhoGAP domain. Furthermore, all DLC2␥ stable clones of HepG2 also displayed a dramatic reduction of RhoA activity. These results suggest that the functions of DLC2␥ are likely related to its RhoGAP activity in downregulating RhoA. In addition, the DLC2␥ stably transfected cells showed a round morphology, which was similar to cells treated with C3 exoenyzme, a RhoA inhibitor (6, 23) .
It has been shown that RhoGTPases are involved in controlling signal transduction pathways essential for cell growth. Microinjection of RhoA is sufficient to promote the quiescent fibroblasts to enter G 1 and progress to S phase (6) . Dominant negative of RhoA or treatment with C3 exoenzyme is able to block the progression of cell cycle from G 1 phase to S phase (6, 23) . Also, RhoA was shown to be required for G 1 -S progression and DNA synthesis through degradation of cyclin-dependent kinase inhibitor p21 Waf/Cip1 (24) . Therefore, RhoA is able to promote cell cycle progression and results in increased cell proliferation. Inhibition of the RhoA activity by RhoGAP-containing proteins has been shown to slow down cell cycle progression (25) . Our data also provide evidence that overexpression of DLC2␥ could effectively inhibit the proliferation rates of HCC cells. We have also investigated the expression of p21 Waf/Cip1 in our DLC2 overexpressing cell, but no significant difference was found (data not shown), suggesting that DLC2 may inhibit cell growth via a different molecular pathway. It will be interesting to know how the DLC2 inhibits cell proliferation, but our data are consistent with the view that DLC2 functions as a tumor suppressor by inhibiting tumor cell growth.
In the present study, we have shown that the DLC2␥ stably transfected cells displayed a round morphology similar to cells treated with a RhoA inhibitor (C3 exo-enyzme) or a Rho-associated kinase (ROCK) inhibitor. Such phenomenon was consistent with the observation that DLC2␥ suppressed the RhoA activity (Fig. 7C ) and inhibited the motility of cells. Indeed, we have demonstrated that DLC2␥ reduced the migration ability of HCC cells by using the transwell assay and this was mainly attributed to the downregulation of RhoA activity. On the other hand, we also shown that down-regulation of DLC2 by siRNA enhanced the migration ability in HCC cells. Both overexpression and underexpression approaches were used to confirm the role of DLC2 in cell motility, and consistent results were obtained. Another study has shown that a high activity of RhoA increases the migration ability of certain cancer cells including HCC cells (26) . It has been reported that inhibition of Rho͞p160ROCK, which is an immediate downstream effector of RhoA, could suppress the motility of HCC cells (14) . Importantly, inhibition of ROCK reduces the metastatic potential of tumor cells. Administration of a pharmacological ROCK inhibitor prevented i.p. dissemination of HCC cells in mice and also resulted in reversing the aggressive phenotype of the HCC cells in the liver (27, 28) . Hence, further study on the role of DLC2 in HCC metastasis and its interaction with RhoA͞ROCK-signaling pathway is of particular interest.
Anchorage-independent growth of cancer cells is a hallmark of cell transformation. In this study, we used HepG2 hepatoma cells stably expressing DLC2␥ to show that DLC2 can effectively diminish the anchorage-independent growth ability of the cells. This result provides evidence that overexpression of DLC2, a RhoGAP protein, is capable of reducing the transforming phenotype of hepatoma cells, supporting the view that DLC2 is a functional tumor suppressor. Interestingly, it has been shown that overexpression of a constitutively activated mutant of RhoA led to the transformation of NIH 3T3 in soft agar assay. Also, coexpression of that mutant with oncogenic Ras further enhanced the oncogenic properties of NIH 3T3, suggesting the synergistic effect of RhoA and Ras in cell transformation (29) . In contrast, expression of the dominant-negative N19-RhoA is able to inhibit the transforming phenotype of Ras-transformed NIH 3T3 and Rat1 cells (30) . Of interest, our previous report has shown that the RhoGAP domain of DLC2 can suppress the Ras-induced cell transformation (15) . Here, we provide the evidence that DLC2 acts as a RhoA negative regulator resulted in inhibiting the oncogenic phenotype of transformed cells, similar to the dominant-negative form of RhoA. Further investigation on the roles of DLC2 in suppressing cancer cell growth and cell transformation is crucial for better understanding of the molecular mechanism in the development of HCC.
In summary, our findings suggest that DLC2, with its RhoGAP domain, is able to inhibit the activity of RhoA, which is believed to play a significant role in cell transformation in many cancer types. This result leads to a change in cell morphology and alteration of stress fiber formation. Down-regulation of the RhoA activity by DLC2␥ is sufficient to inhibit cell proliferation and cell migration and remarkably reduces the transforming phenotype of hepatoma cells.
